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General Considerations. Copper(I) iodide (Strem) was used without further purification. Oxygen (BOC), CH 3 CN (Aldrich), and CH 2 Cl 2 (Aldrich) were used without purification. 4-Biphenyl-phenyl ether (Pfaltz and Bauer) was recrystallized prior to use from ethanol (Fisher). When necessary, solvents and reagents were dried prior to use. CH 2 Cl 2 was deoxygenated by purging with N 2 and then dried by passing through activated alumina. CH 3 CN was distilled from CaH 2 . 1,5-Diaza-cis-decalin was prepared as previously described. Proton decoupled 13 C NMR spectra were recorded on a Bruker AM-500 (500 MHz) spectrometer.
Chemical shifts are reported in ppm from the solvent resonance (CDCl 3 77.23 ppm, CD 3 CN 118.3 ppm).
Dioxygen uptake kinetics were performed using a computer-interfaced gas-uptake apparatus with a calibrated volume and a pressure transducer designed to measure the gas pressure within a sealed reaction vessel.
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Data were acquired using custom software written within LabVIEW (National Instruments).
Calibration Procedure. Calibration curves for each analyte and 4-biphenyl phenyl ether (BPPE)
were obtained by subjecting a series of analyte/BPPE mixtures with known molar concentration ratios (determined gravimetrically or by 1 H NMR) to GC or HPLC analysis. The area ratios from GC or HPLC were plotted against the molar concentration (see eq S1) ratios and the slope as determined by least squares was taken as the correction factor (cf) (see eq S2). For any given sample, then, the analyte concentration could be determined provided that the BPPE concentration was known (eq S3). Preparation of 4. CH 3 CN was degassed in a Schlenk tube by the freeze-pump-thaw method (3 cycles). In the glove box, a 1 mL volumetric flask was charged with 1,5-diaza-cis-decalin (5.7 mg, 0.041 mmol) and CuI (7.7 mg, 0.041 mmol), diluted with CH 3 CN, and shaken for 1 h at room temperature to afford a clear-colorless, and homogeneous solution of 4 (0.041 M). The resulting solution was cooled to -20° C to afford colorless crystals of 4 suitable for crystallographic analysis (see end of Supporting Information for structure data tables). Crystalline complex 4 is stable indefinitely at room temperature in an inert atmosphere and undergoes surface oxidation very slowly in the presence of air. Solutions of 4 rapidly undergo oxidation when exposed to even trace amounts of atmosphere yielding pink to black solutions. 1 H NMR (500 MHz, CD 3 CN) δ 3.17 (ddd, J = 1.5, 2.2, 11.7 Hz, 2H, 1e), 2.80 (m, 2H, 4), 2.69 (ddd, J = 1.5, 2.9, 12.4 Hz, 2H, 1a), 2.22 (ddddd, J = 4.7, 4.7, 13.3, 13.3, 13.3 Hz, 2H, 2a), 2.08 (s, 2H, N-H), 1.70 (m, 2H, 3a), 1.64 (dddd, J = 4.8, 4.8, 13.5, 13.5, 2H, 3e) Table S1 . Product formation with Cu(II) catalyst 1 ( Figure 1A , main text). Table S2 . The amounts of 2 and 3 were determined independently by GC (Shimadzu): t R (2) = 4.1 min (cf = 0.586), t R (4-biphenyl phenyl ether) = 12.9 min, t R (3) = 24.5 min (cf = 0.663). Table S2 . Conversion analysis between O 2 , 2, and 3 ( Figure 1B , main text).
tube time (min) µmol) and added to initiate the reaction. Consumption of 303 µmol of O 2 was observed (see Figure S2 ), after which the reaction was quenched with 1 N HCl (8 mL), extracted with CH 2 Cl 2 , washed with brine (5 mL), dried (Na 2 SO 4 ), and concentrated in vacuo. Chromatography (10-20% EtOAc/hexanes) afforded 2 (42.9 mg, 212 µmol, 15%) indicating that 1188 µmol (283.1 mg, 85%) of 2 were consumed.
The ratio of 2 consumed to O 2 is 3.9 which is consistent with:
1) All four oxidizing equivalents of O 2 being used in the OBC.
2) Four equivalents of substrate oxidized per equivalent of O 2 consumed.
3) Two equivalents of product formed per equivalent of O 2 consumed.
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Time ( Meanwhile the solution of 4 was taken up in a syringe (10 mL), the needle was plugged with a rubber septum, and removed from the glove box. When in the apparatus the pressure stabilized (849 Torr), 4 (0.3 -3 mL) was added via syringe through a septum to provide a total reaction volume of 7.0 mL.
Dioxygen uptake was monitored and the data was collected using custom software written within LabVIEW (National Instruments).
profile for the amount of O 2 consumed. There is an apparent burst in dioxygen uptake followed by a steady state ( Figure S3 ). A plot of log µmols O 2 against time exhibits two first-order regimes ( Figure   S4 ) with a point of inflection at 2.2 minutes. Extrapolation of the rate from Figure S3 at the time of the point of inflection in Figure S4 is used to estimate the initial rate of the steady state.
Time ( Figure S4 . Log(µmol O 2 consumed) vs. time. Plot was generated using the primary data from Figure  S3 . With high concentrations of 4 (i.e., stoichiometric) in the presence of O 2 and substrate 2, formation of the oxidase steady state catalyst (6) occurs to some extent during the initial burst phase (oxidation of 4) giving rise to OBC and formation of product 3. To allow isolation of the putative cofactor NapH OX , experiments were conducted with low concentrations of 4 and an excess of substrate 2. These reactions were halted within the approximate window (5 min) of the burst phase (see Figure 1B , main text) to optimized formation of NapH OX . The structure was solved by direct methods (SIR97 7 ). The molecule lies on a crystallographic 2-fold axis parallel to a (at x, 1/2, 1/2); the Cu-I bond is conincident with the 2-fold axis. Refinement was by full-matrix least squares based on F 2 using SHELXL-97 8 . All reflections were used during refinement (F 2 's that were experimentally negative were replaced by F 2 = 0). The weighting scheme used was w=1/[σ 2 (F o 2 )+ 0.0476P 2 + 0.2870P] where P = (F o 2 + 2F c 2 )/3 . Non-hydrogen atoms were refined anisotropically and hydrogen atoms were refined using a "riding" model. Refinement converged to R 1 =0.0296 and wR 2 =0.0765 for 911 reflections for which F > 4σ(F) and R 1 =0.0331, wR 2 =0.0786 and GOF = 1.098 for all 995 unique, non-zero reflections and 57 variables 9 . The maximum Δ/σ in the final cycle of least squares was 0.000 and the two most prominent peaks in the final difference Fourier were +1.438 and -0.980 e/Å 3 . Table S6 lists cell information, data collection parameters, and refinement data. Final positional and equivalent isotropic thermal parameters are given in Table S7 . Anisotropic thermal parameters are in Table S8 . Tables S9 and S10 list bond distances and bond angles. Figure S8 is an ORTEP 10 representation of the molecule with 30% probability thermal ellipsoids displayed. S16 Figure S8 . ORTEP drawing of 4 with 30% probability thermal ellipsoids. The form of the anisotropic displacement parameter is:
exp[-2π 2 (a* 2 U 11 h 2 +b* 2 U 22 k 2 +c* 2 U 33 l 2 + 2b*c*U 23 kl+2a*c*U 13 hl+2a*b*U 12 hk)]. Table S10 . Bond angles in compound 4 (deg).
X-Ray Structure Determination of 8. . X-ray intensity data were collected on a Rigaku Mercury CCD area detector employing graphite-monochromated Mo-K α radiation (λ=0.71069 Å) at a temperature of 143 K. Preliminary indexing was performed from a series of twelve 0.5° rotation images with exposures of 60 seconds. A total of 708 rotation images were collected with a crystal to detector distance of 36 mm, a 2θ swing angle of -10°, rotation widths of 0.5° and exposures of 30 seconds: scan no. 1 was a φ-scan from 315° to 525° at ω = 10° and χ = 20°; scan no. 2 was an ω-scan from -20° to 20° at χ = -90° and φ = 135°; scan no. 3 was an ω-scan from -20° to 4° at χ = -90° and φ = 315°; scan no. 4 was an ω-scan from -20° to 20° at χ = -90° and φ = 0°; scan no. 5 was an ω-scan from -20° to 20° at χ = -90° and φ = 225°. Rotation images were processed using CrystalClear, 4 producing a listing of unaveraged F 2 and σ(F 2 ) values which were then passed to the CrystalStructure 5 program package for further processing and structure solution on a Dell Pentium III computer. A total of 11133 reflections were measured over the ranges 5.84
yielding 4310 unique reflections (R int = 0.0170). The intensity data were corrected for Lorentz and polarization effects and for absorption. using REQAB 6 (minimum and maximum transmission 0.835, 1.000).
The structure was solved by direct methods (SIR97 7 ). Refinement was by full-matrix least squares based on F 2 using SHELXL-97. 8 All reflections were used during refinement (F 2 's that were experimentally negative were replaced by F 2 = 0). The weighting scheme used was w=1/[σ 2 (F o 2 )+ 0.0922P 2 + 1.1736P] where P = (F o 2 + 2F c 2 )/3 . Non-hydrogen atoms were refined anisotropically and hydrogen atoms were refined using a "riding" model. Refinement converged to R 1 =0.0564 and wR 2 =0.1585 for 3777 reflections for which F > 4σ(F) and R 1 =0.0618, wR 2 =0.1645 and GOF = 1.061 for all 4310 unique, non-zero reflections and 339 variables. 9 The maximum Δ/σ in the final cycle of least squares was 0.000 and the two most prominent peaks in the final difference Fourier were +0.782 and -0.625 e/Å 3 . S21 Table S11 lists cell information, data collection parameters, and refinement data. Final positional and equivalent isotropic thermal parameters are given in Table S12 . Anisotropic thermal parameters are in Table S13 . Tables S14 and S15 list bond distances and bond angles. Figures S9 and S10 are ORTEP 10 representations of the molecule with 30% probability thermal ellipsoids displayed. Figure S9 . ORTEP drawing of molecule no. 1 of the asymmetric unit with 30% probability thermal ellipsoids. Figure S10 . ORTEP drawing of molecule no. 2 of the asymmetric unit with 30% probability thermal ellipsoids. The form of the anisotropic displacement parameter is: exp[-2π 2 (a* 2 U 11 h 2 +b* 2 U 22 k 2 +c* 2 U 33 l 2 + 2b*c*U 23 kl+2a*c*U 13 hl+2a*b*U 12 hk)].
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